The aim of the study was the application and comparison of real-time PCR methods based on the fluorescence of SYBR Green I intercalating dye and TaqMan probes for the detection of the 23S rDNA gene of Listeria spp. and the hlyA gene of Listeria monocytogenes in biological samples of the liver, brain, and blood. Material and Methods: Five strains of L. monocytogenes and single strains of each species L. ivanovii, L. innocua, L. grayi, L. welshimeri, and L. seeligeri were used for the experiments. Additionally, five strains of other species of bacteria were used for evaluation of the specificity of tests. In the first stage of the study SYBR Green I real-time PCRs, one allowing detection of the 23S rDNA gene and two based on the amplification the hlyA gene, were performed. In the next part, three TaqMan probe-based real-time PCRs allowing confirmation of belonging to Listeria spp. and L. monocytogenes were conducted. Results: The observation of amplification curves in real-time PCRs enabled the detection of both genes. A high regression coefficient of 0.99 was found for all reactions. Specific amplification products were obtained for the 23S rDNA and hlyA genes which confirm their belonging to Listeria spp. and L. monocytogenes, respectively. Other microbial species did not reveal real-time PCR products. Conclusion: Both real-time PCR methods for the detection of Listeria spp. and L. monocytogenes in biological samples demonstrated a significant sensitivity and high specificity.
Introduction
Among the species belonging to Listeria, only Listeria monocytogenes has epizootic and epidemiological significance. Infections caused by L. ivanovii, L. innocua, or L. seeligeri occur sporadically in humans and animals. Listeriosis was described for the first time in 1926 by Murray et al. (15) in rabbit. Nyfeldt was the first who isolated L. monocytogenes from a man in 1929 (9) . Although Murray et al. (15) suspected the oral route of infection, a clear link of Listeria infections to contaminated food was not made until the occurrence of the 1980s outbreaks and sporadic cases of listeriosis in humans (13, 19, 21, 25) . Food contaminated with L. monocytogenes is considered the main source of infection in humans and animals.
In animals listeriosis may occur as meningoencephalitis or meningoencephalomyelitis. In cattle, the infection also involves spontaneous abortions, respiratory tract and udder inflammations but in suckling calves mostly takes the form of septicaemia. In sheep and goats, the clinical course of listeriosis is similar to that in cattle. In horses it occurs incidentally in adults and foals as encephalitis and septicaemia, respectively. Listeriosis in pigs occurs very rarely, predominantly in piglets which die due to septicaemia without the characteristic symptoms of the infection. The cerebral form is sometimes found in older animals. Outbreaks of listeriosis in cats and dogs are very rare. In domestic birds the infection occurs sporadically in the form of septicaemia and as an enzootic disease in acute or chronic form. Of fur animals, chinchillas were especially susceptible, demonstrating sometime enzootic disease with signs of septicaemia (2, 9, 13) . The EFSA reports in 2015 show that in the European Union Listeria spp. and most of L. monocytogenes occur mainly in cattle, sheep, and goats. These infections were also reported in pigs, horses, broilers, cats, dogs, foxes, and other wild and zoo animals (7) . Pregnant women, newborns, elderly people, people with weak or suppressed immune system, and chronically ill are especially susceptible to listeriosis. The main clinical manifestations of listeriosis are meningoencephalitis, spontaneous abortions in pregnant women, and septicaemia. Listeriosis cases in humans are regularly listed in Europe, Australia, and USA. Although in most cases listeriosis occurs sporadically, the infection is characterised by high fatality rate (6, 13, 22, 24) . In the European Union, 270 deaths among 2,206 cases of listeriosis were reported in 2015. The incidence rate was 0.46 per 100,000 population (7) . In the same year, Poland reported 70 cases, with the incidence rate of 0.18 per 100,000 (16) .
The application of molecular biology techniques for laboratory diagnosis improved the detection of the microorganisms. PCRs and real-time PCRs are rapid, sensitive, and specific methods. The aim of the study was application and comparison of real-time PCR methods based on the fluorescence of SYBR Green I intercalating dye and TaqMan probes for the detection of the 23S rDNA gene of Listeria spp. and the hlyA gene of L. monocytogenes in experimentally contaminated biological samples (bovine liver, brain, and blood).
Material and Methods
Bacterial strains. Isolation of DNA. Each strain was streaked on TSYEA medium. Cultures were incubated for 24 h at 37°C. Then bacterial suspension with a density of 1 McF was prepared. Samples of 1 mL were centrifuged for 10 min at 13,000 rpm. The supernatant was removed and the pellet was used to contaminate bovine liver, brain, and blood samples. To isolate DNA, a DNeasy Blood and Tissue Kit (Qiagen, USA) was used.
The sensitivity and linearity of real-time PCRs were determined by 10-fold dilution technique. The initial concentration of L. monocytogenes ATCC 13932 was about 1.5 × 10 6 CFU/reaction. SYBR Green I real-time PCR. Real-time PCR was performed in 25 µL QuantiTect SYBR Green PCR Kit (Qiagen) containing the appropriate concentration of each primer, and 5 µL of DNA. One pair of primers detecting the 23S rDNA gene of the genus Listeria (20) and two pairs of primers amplifying the hlyA gene of L. monocytogenes (11, 17) were selected ( Table 1 ). The primers were synthesised by Genomed (Poland). Primer concentrations of 0.1 µM, 0.25 µM, 0.5 µM, 1.0 µM, 1.5 µM, and 2.0 µM were evaluated to optimise the reaction. Reactions were run on the Rotor-Gene Q (Qiagen) and Rotor-Gene Q Series Software Version 2.0.2 with the following programme: 10 min at 95°C, and 40 cycles of 15 s at 95°C, 60 s at 60°C, and 90 s at 72°C. To confirm amplification specificity, the melting temperature of PCR products was determined by gradual raising the temperature of the reaction mixture from 55°C to 95°C and continuous fluorescence measurements.
TaqMan probe-based real-time PCR. Real-time PCR was performed in 25 µL QuantiTect Probe PCR Kit (Qiagen) containing the appropriate concentration of each primer and probe, and 5 µL of DNA. Based on the literature data (11, 17, 20) , the sequences of three different pairs of primers and probes were selected (Tables 1 and 2 ). The primers and probes were also synthesised by Genomed (Poland). Primer concentrations of 0.1 µM, 0.25 µM, 0.5 µM, 1.0 µM, 1.5 µM, and 2.0 µM, and probe concentrations of 0.05 µM, 0.1 µM, and 0.2 µM were evaluated to optimise the reaction. The reactions profile was as follows: 2 min at 50°C, 10 min at 95°C, and 50 cycles of 15 s at 95°C and 60 s at 63°C. 
Results
In the first stage, three SYBR Green I real-time PCRs were applied for the detection of the 23S rDNA gene of Listeria spp. and the hlyA gene of L. monocytogenes. The influence of different primer concentrations was determined. The concentration for detecting the 23S rDNA gene with the L23SQ-F, L23SQ-R, and Lin23SQ-FR primers was set at the level of 1.0 μM. In the case of hlyA gene detection with the hlyA-146-F and hlyA-146-R primers, the optimal concentration was 1.0 μM, whereas the concentration of 0.5 μM was selected for the hlyA-177-F and hlyA-177-R primers.
In the next stage, genus-specific SYBR Green I real-time PCR was performed using the L23SQ-F, L23SQ-R and Lin23SQ-FR primers with template DNA obtained from the liver, brain, and blood samples contaminated experimentally with 10 Listeria spp. strains. Ct values ranged from 17.47 to 22.8 for the liver, 14.93 to 21.13 for the brain, and 16.99 to 21.25 for blood samples. The specificity of amplification was confirmed by determination of the PCR product melting temperature. It was found that the melting temperature of the reaction products was about 80ºC. The sensitivity of the real-time PCR was 1.5 × 10 1 CFU/reaction for each type of biological samples (Fig. 1) . Then, a species-specific SYBR Green I real-time PCR was applied using the hlyA-146-F and hlyA-146-R primers for biological samples contaminated with five L. monocytogenes strains. Ct values were from 12.59 to 18.77 for the liver, 11.89 to 16.99 for the brain, and 12.8 to 16.6 for blood samples. Specific amplification products dissociated at about 81ºC. The sensitivity was 1.5 × 10 1 CFU/reaction for all samples (Fig. 2) . .72 for the brain, and 17.72 to 20.13 for blood samples. It was shown that the melting temperature of the reaction products was about 76ºC. The sensitivity was established at 1.5 × 10 2 CFU/reaction for all samples (Fig. 3) .
In the case of all SYBR Green I real-time PCRs, a high regression coefficient (0.99) was demonstrated for amplification of concentrations from 1.5 × 10 6 to 1.5 × 10 1 or 1.5 × 10 2 CFU/reaction, which indicates a high degree of reaction linearity (Figs 1b-3b ).
In the second stage of the study, three TaqMan probe-based real-time PCRs were performed. It was found that in the case of TaqMan probe-based real-time PCR detecting the 23S rDNA gene with the L23SQ-F, L23SQ-R, and Lin23SQ-FR primers and L23SQ-TM probe, their optimal concentrations were 1.0 μM for primers and 0.1 μM for the probe. For detection the hlyA gene with the hlyA-146-F and hlyA-146-R primers and hlyA-146-TM probe, the optimal concentrations were 1.0 μM for primers and 0.2 μM for the probe. In the case of the hlyA-177-F and hlyA-177-R primers and hlyA-177-TM probe, the concentration of 0.5 μM for primers and 0.1 μM for the probe were selected. Then, a genus-specific TaqMan probe-based realtime PCR was applied using the L23SQ-F, L23SQ-R, and Lin23SQ-FR primers and L23SQ-TM probe with template DNA obtained from the liver, brain, and blood samples contaminated experimentally with ten Listeria spp. strains. Ct values were 13.88 to 20.04 for the liver, 15.03 to 17.71 for the brain, and 15.03 to 19.22 for blood samples. The same sensitivity of 1.5 × 10 1 CFU/reaction was found for each type of biological samples (Fig. 4 ).
Next, a species-specific TaqMan probe-based realtime PCR was performed using the hlyA-146-F and hlyA-146-R primers and hlyA-146-TM probe for biological samples contaminated with five L. monocytogenes strains. Ct values ranged from 17.68 to 22.97 for the liver, 18.7 to 21.66 for the brain, and 21.57 to 23.59 for blood samples. The sensitivity was 1.5 × 10 1 CFU/reaction for all samples (Fig. 5 ). In the case of the hlyA-177-F and hlyA-177-R primers and hlyA177-TM probe obtained Ct values were 15.79 to 21.06 for the liver, 18.09 to 21.36 for the brain, and 18.62 to 21.1 for blood samples. The sensitivity of the TaqMan probe-based real-time PCR was 1.5 × 10 2 CFU/reaction for all samples (Fig. 6) .
As in the case of SYBR Green I real-time PCRs, high regression coefficient was also achieved in TaqMan probe-based real-time PCRs with the use of 23S rDNA and hlyA genes (Figs 4b-6b ).
To demonstrate the specificity of SYBR Green I and TaqMan probe-based real-time PCR methods, the template DNA obtained from the liver, brain, and blood samples experimentally contaminated with five strains of L. monocytogenes, single strains of L. ivanovii, L. innocua, L. grayi, L. welshimeri, and L. seeligeri, and other microbial species including Bacillus cereus, Staphylococcus aureus, Escherichia coli, Salmonella Typhimurium, and Klebsiella pneumoniae was examined. All real-time PCRs were highly specific. The specific amplification products were obtained using the 23S rDNA and hlyA genes which identified the tested strains as Listeria spp. and L. monocytogenes. Isolates of other species failed to yield real-time PCR products. 
Discussion
Listeriosis is diagnosed on the basis of clinical symptoms and diagnostic tests. The conventional method of microbiological diagnostics comprises inoculation of biological material on selective media enabling growth of the bacteria, and identification of colonies based on morphological, physiological, and biochemical characteristics. Traditional bacteriological methods are, however, time-consuming because they may last up to a few days (1, 8, 22) . L. monocytogenes, being a pathogen of humans and animals, requires faster and less laborious diagnostic methods such as real-time PCR (2, 5) . For detection of real-time PCR products non-specific dyes and specific fluorophorelabelled oligonucleotide probes are used. The most commonly used non-specific dye is SYBR Green I, which, when bound to the double-stranded DNA, fluoresces by exposure to the light of an appropriate wavelength. TaqMan-type nucleotide probes are also commonly used. These are oligonucleotides fluorescently labelled with the reporter dye (FAM) and the quenching dye (TAMRA). In the presence of the product, the probe hybridises to it and then is hydrolysed in the presence of DNA polymerase elongating the starter. As a result, the fluorescence of FAM may be detected and measured because it is not suppressed by TAMRA. The intensity of the fluorescence is proportional to the amount of amplified product. Real-time PCR eliminates post-amplification steps such as gel electrophoresis and allows observing the results of the amplification in real time (10, 12) . The optimisation of reaction conditions is very important for the efficiency of real-time PCR. The optimal concentration of pairs of primers and probes was selected by testing various concentrations of each primer and probe in SYBR Green I and TaqMan probebased real-time PCR methods.
Several virulence-associated markers are used for the identification of L. monocytogenes in real-time PCR, but the hly gene, which encodes listeriolysin O, is one of the most frequently applied (11, 14, 17, 18, 20, 26) . In our studies real-time PCR methods based on the fluorescence of SYBR Green I intercalating dye and TaqMan probes, which were used for the detection of Listeria spp. and L. monocytogenes in biological samples, showed a significant sensitivity and high specificity. These methods improve the detection sensitivity in comparison to conventional PCR (3). In conclusion, real-time PCRs can be used as an alternative to classical methods for accurate, quick, and sensitive detection of contaminated samples.
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